In their profound study on the connections between Lyapunov theory and approxi-
Introduction

Let
denote the three-dimensional map related to Jacobi-Perron algorithm (PERRON [3] , SCHWEIGER [4, 6] The following expansion is worth to be stated as a separate lemma.
Lemma (BROISE-ALAMICHEL and GUIVARC'H [1]).
A ðsþ4Þ 0 ¼ ðc s À 1ÞA ðsþ3Þ 0 þ ðc sÀ1 þ b s À 1ÞA ðsþ2Þ 0 þ ðc sÀ2 þ b sÀ1 þ a s À 1ÞA ðsþ1Þ 0 þ ðc sÀ3 þ b sÀ2 þ a sÀ1 þ 1ÞA ðsÞ 0 þ ðb sÀ3 þ a sÀ2 þ 1ÞA ðsÀ1Þ 0 þ ða sÀ3 þ 1ÞA ðsÀ2Þ 0 þ AðsÀ3Þ 0
:
We denote by the relevant determinants. Since the choice of ; 2 f1; 2; 3g is not important we drop these indices.
The following recursion relations are valid,
These relations lead to the following useful expansion,
We introduce the quantity
Theorem. Proof. The proof will be given by induction and by considering several cases. The relation
(1) If the following three conditions are satisfied, namely a s c s À 1;
then a comparison with
shows that 
This gives the estimate
Þ:
We will show that the inequalities
are satisfied. Then a comparison with the expansion in the lemma shows t : 
Then we estimate This expression must be compared with 
As before we compare this relation with the expansion
Obviously, c sÀ2 À a sÀ2 c sÀ2 þ c sÀ1 þ a s À 1 is true. The remaining critical estimate is For a periodic algorithm with eigenvalues 0 ; 1 ; 2 ; 3 ordered in a way such that 0 >j 1 j ! j 2 j ! j 3 j the following corollary follows.
Proof. Note that for a periodic algorithm with period length p the relations Here the quantities ½s þ i; s þ j; s þ k ;; are defined as Periodic Three-Dimensional Jacobi-Perron Algorithms
Clearly the theorem of the paper extends to these numbers. Since the algorithm is periodic there is a constant q<1 such that Proof. The proof closely follows SCHWEIGER [5] (see also SCHWEIGER [4] ). We introduce the quantity s :¼ max
Then we find the proof can be easily completed.
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